BIOCHEMICAL SOCIETY TRANSACTIONS
developed a procedure, based on the affinity of all three enzymes for Cibacron Blue 3GA, which allows their simultaneous purification from a cell extract.
E. coli K 12, EMG-2 was grown, harvested and disrupted as described by Miller & Stadtman (1972) . After treatment with 1% (w/v) streptomycin sulphate, the cell extract was subjected to ammonium sulphate fractionation. The protein fraction precipitating between 30 and 60% saturation was found to contain the desired enzymes. This fraction was collected, resuspended in and dialysed against 5 0 m~-potassium phosphate buffer, pH6.0, containing 1 mM-2-oxoglutarate, 1 mM-EDTA and 5 m~-2-mercaptoethanol (buffer A). The dialysed material was clarified by centrifugation and applied to a column (I.Ocm x 5.Ocm) of Blue Dextran-Sepharose (Ryan & Vestling, 1974) . equilibrated with buffer A. A column of these dimensions bound all of each of the three enzymes from log of cells. The column was washed with 20 column vol. of buffer A and was then eluted with lOml of I.OM-NaCI in buffer A. G D H and GOGAT were eluted by the salt wash but GS was not. GS was eluted by washing the column with lOml of ~~M -A D P in buffer B (50mM-potassium phosphate, pH 7.5, containing 1 mM-2-oxoglutarate, I mM-EDTA and 5 m~-2-mercaptoethanol). This behaviour of GS has been shown previously by Burton & Eisenberg (1980) . Electrophoresis on non-denaturing gradient gels and on sodium dodecyl sulphate/polyacrylamide gels (Laemmli, 1970) of the fractions eluted by salt and by ADP indicated that the GS was homogeneous. However, the salt-eluted material contained many proteins in addition to G D H to GOGAT. Further purification of these two enzymes was carried out by desalting them on a small Sephadex G25 column and applying the eluate to a column (0.7cm x 5cm) of 2',5'-ADP-Sepharose. This material binds both G D H and GOGAT (Schmidt & Jervis, 1980) and the two enzymes can be eluted with a pulse of 1 0 0~~-NADPH plus 1 mM-L-glutamine in buffer A. Electrophoresis of the eluted material indicated that G D H and GOGAT were the major proteins present. The material was concentrated with an Amicon Centricon 10 microconcentrator and the concentrate was subjected to gel filtration on Sephacryl S-300 to resolve the G D H and GOGAT on the basis of the difference in their M , values (300000 and 800000 respectively). The purification of GS, G D H and GOGAT is summarized in Table 1 .
We thank the S.E.R.C. for financial support. Evolutionary aspects of plant LDHs (EC 1. I . I .27) have not been studied in detail. Although the plant enzymes have been shown to be tetramers and to resemble vertebrate LDH in their kinetic properties (Poerio & Davies, 1980; Jervis, 1981 ; Jervis et al., 1981) , the degree of homology between plant and vertebrate LDH polypeptides is unknown. In order to assess the degree of subunit homology, we have used the technique of subunit hybridization (Chilson et al., 1965) . This technique was used successfully by Jervis (1981) to demonstrate subunit homology between homotetrameric forms of potato LDH isoenzymes.
LDHs from germinating soya beans (Glycine max) and from potato tubers (Solanum tuberosum) were purified as described by Jervis et al. (1981) . The LDH-I homotetraAbbreviation used : LDH. lactate dehydrogenase meric isoenzyme from potato was prepared as described by Jervis (1981) . Vertebrate LDH homotetramers were obtained commercially (Sigma, U.K.).
The hybridization technique used was that of Chilson el al. (1965) in which enzyme mixtures are subjected to repeated freezing and thawing in buffered sodium iodide. Aliquots of enzyme (lOOi.u. of vertebrate enzyme or I0i.u. of plant enzyme) were mixed, desalted and buffer exchanged by gel filtration into 100mM-sodium phosphate, pH 7.0, containing IOomM-sodium iodide, 1 mM-2-mercaptoethanol and 0.1% (w/v) bovine serum albumin (LDHfree). The desalted mixtures were concentrated approx. 10-fold with Amicon Centricon 10 microconcentrators to yield 2 0 0~1 of mixture. The mixtures contained either two vertebrate enzymes or two plant enzymes, or one plant and one vertebrate enzyme. The concentrated mixtures were frozen in liquid nitrogen and allowed to thaw at room temperature. Freezing and thawing was repeated three times. Mixtures were then subjected to electrophoresis on 7.5% (w/v) polyacrylamide gels under non-denaturing conditions (Hayes & Wellner, 1969) . Gels were stained for 610th MEETING, STIRLING LDH activity (Shaw & Prasad, 1970) , photographed, and scanned with an ISCO scanning densitometer.
All vertebrate mixtures examined (Bovine M4 plus Porcine H4, Porcine M4 plus Rabbit H4, Rabbit M4 plus Bovine H4) produced hybrids. Mixtures of plant and vertebrate enzymes (Soya plus Bovine M4, Soya plus Bovine H4, etc.), did not produce hybrids. Hybrids were formed between soya bean LDH and the LDH-I form of potato LDH (Fig. 1) . These results indicate that the subunits of different plant LDHs are capable of associating to produce catalytically active hybrid enzymes. This suggests a considerable degree of structural homology between subunits of different plant enzymes, thereby implying a common evolutionary origin.
The failure of mixed plant and vertebrate LDHs to produce active hybrids, under conditions known to induce dissociation and re-association of subunits, suggests strongly that there is little structural homology between plant and vertebrate LDH polypeptides. The enzyme alcohol dehydrogenase has a very widespread Occurrence in nature, with perhaps the two most wellknown and characterized types being those from yeast and horse liver. The liver enzyme has a much higher affinity for alcohols and steroids than the yeast enzyme, but has a far lower specific activity and is more expensive to produce. Both enzymes have been used in a number of synthetic and analytical applications, such as the asymmetric synthesis of 3(S)-5-hydroxy-3-methyl pentanoic acid lactone by using the horse-liver enzyme (Jones & Beck, 1976) . We have decided to examine alcohol dehydrogenase from other sources to evaluate their potential as inexpensive catalysts for such reactions. This paper reports the preliminary details of the purification of alcohol dehydrogenase from the white rot Basid iomycete Sporotrichum pulverulentum.
The fungi was grown on the media of Kirk et al. (1978) and harvested after 6 days growth at 37°C. The media was oxygenated after 0 and 48h growth. The mycelia was collected by passing through muslin and was preferably used immediately or was stored frozen. Fresh (or thawed frozen) mycelia was homogenized by three 1 min bursts with 30s intervals in 0.1 M-potassium phosphate buffer, pH7.0, in a Waring-type homogenizer. This and all subsequent steps were performed at 0-4°C. The homogenate was centrifuged at 23000g for 20min and the supernatant collected. Solid ammonium sulphate was added to 40% saturation and the resulting precipitate was collected and discarded by centrifugation as before. The supernatant was brought to 80% saturation with respect to ammonium sulphate and the precipitate was collected by centrifugation at 23000g for 30min. The precipitate was redissolved in the minimum of 0.1 M-potassium phosphate buffer, pH 6.0. All further stages used the pH6.0 phosphate buffer. The preparation was centrifuged at 5OOg for 15min to remove any insoluble precipitate. The supernatant was placed on a Sephadex G25M column (5.0cm x I.Ocm) to desalt it and the active fractions were collected. These fractions were bulked and placed on a Procion Red cross-linked Sepharose 6B column (3.5cm x I .Ocm). The enzyme does not have a very high affinity for the dye with the result that approx. 70% will be eluted in the void volume. The void volume active fractions were bulked and placed on a Cibacron Blue 3GA column (3.5cm x l.Ocm) which was then rinsed with 5 column vol. of phosphate buffer to elute any unbound protein. The enzyme was eluted with ~~M -N A D H , and the active fractions were collected and concentrated with poly(ethy1ene glycol) 20000. The concentrated enzyme (approx. 300pg/ml) was then dialysed against I litre of 0.1 Mphosphate buffer, pH7.0, for 3h at 4°C. The enzyme was then stored at -18°C in 50% (v/v) glycerol.
This procedure gives a good degree of purification (see Table I ). If however, a higher yield of enzyme was required, the Procion column stage could be omitted giving a lower level of purification but with a 77% yield. Analysis of the purified enzyme by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis (Weber & Osborn, 1969) reveals one major component corresponding to M, weight of 42000 plus three minor bands. A 5-20% non-denaturing gradient gel gave an M , for the enzyme of 176000. It may be tentatively assumed from these results that the enzyme is tetrameric with an M, weight of 168000 (this value is within 5% of the gradient gel estimate).
